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We are all subject to Newton’s laws of motion, whether we know it or not. You can’t move your body, drive a car,

or toss a ball in a way that violates his rules.

Yet Newton’s laws are surprisingly simple, especially when you consider that they apply equally well to galaxies,

planets, comets, and yes, even apples falling from trees.

Today, we still recognize Newton’s laws as the indispensable foundation for all of physics. It would be nice to
say that these laws are the complete story when it comes to analyzing motion, but that is not the case. In the
earlypart of the last century, physicists discovered that Newton’s laws must be modified for objects moving at
speeds near that of light and for objects comparable in size to atoms. In the world of everyday experience,

however, Newton’s laws still reign supreme. (James S. Walker, “Physics”, 2010 Pearson Education Inc.)
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Newton’s First Law of Motion:
An object at rest remains at rest as long as no net force acts on it.

in the same direction as long as no net force acts on it.
—a—broFE—EAl (EEOER)
MECABR R ELDRND, DANVIEPIEICRELAIBD2DVEoTWVWEEE, BED
EEIRE LR,
(BEL T2 EIIEHEEEET,. EE2 LTV 2ERESEERES 2/ T 5, )

An object moving with constant velocity continues to move with the same speed

1.The Law of Inertia B DRI i
Newton’s First Law —=a— b OF 1 EH

A. Before Galileo
[Q1] Primitive basic questions:  FF CREAR 72 R
1. Is aforce always required to move an object continuously, as a horse is required to
move wagon continuously?

iHLZ 5| EHElT DITITM DR E R X 5 IR Z 8 H LT DITIXFIC DB RETEA H
e

2. Similarly, when you push a toy car, it moves in a straight line but gradually slows
down and come to rest. Does this mean that a force is required to move a toy car
continuously?

RIS, BRBLHLo0HEZMMET L, HTE-TE NKREICESR2VIEE->TL
£, MIEEEDLEITDICIEINRSBEL N ZEEA 90,

3. Aristotle, a Greek philosopher and scientist, believed that objects only moved as
long as they were pushed or pulled. Thus, objects on the Earth stopped moving
once applied forces were removed, and the heavenly spheres only moved because of
the action of the Prime Mover, who continuously applied the force to the outer
spheres that turned the entire heavens. However, any force seems not to act on a
flying arrow. How do you think he explained about this phenomenon?

TRV Y OHFEEHETHVRZEEDOT VR NT L RAE, BRI L=V 8= L
TWAHEERTH ZENTED EEX T, M EOYMEKIIDZBRTITEE Y KER
B DIFFEFHE -5 EREZAIESEDLRERICHEZ T HERIELTWAEDLLTH
5. &L, T, RATWHARIZIIAMBNTWARNWE ST XS, MPhiiong
EIFHILTn,
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B. Galileo’s Observations and “Inertia” U LA O#ZE MEM ] 0%l

[Q2] Galileo Galilei observed a marble ball rolling on slopes, shown below, and found
that the marble rolled down the plane and the opposite plane approximately the same
height. If he sanded the planes to be smoother, he noted that the marble rolled up the
opposite plane ever closer to its original height. Then he repeated similar experiments
while the second hill is less and less steep and horizontal finally. What do you think he
concluded?

HY LA, RICRTEIRZANHHREABEL, —FAOBEMEZBEL-ES & 2KH Galileo Galilei (1564-1642)
OERFORE LG S MTEE LV L2 RO, BREZES & o0 S I3EL
BB, WNT, “FKHOEOBRBKES LTRBICATEIZ Lz, X ED X5 fEima e L 85,

a
fhl*LAL\\\N _—
- a) Flying arrow
“
leAL\Q\\\\Q b 4
_ [ [ Q 1gy,4.

g

[Q3] From the above observations, Galileo concluded the followings:

EOEBRNEG, HY LAERO LS ISR LS 7
1. If the opposite plane is oriented horizontal, and eliminating the force of
friction, the marble, the marble will never reach its original height. It will b) Air track

roll forever. 2% H Oifi & /K2 U CEEARINIZERKIITOESIZET HZ &
1372<, Mo TKAIZIEN VKT 27259,

2.  The marble rolling horizontally moves with the same speed in the same
direction. ZKAIZHEA HERIXFE U mANCE U X CTIEET 5,

¢) Dry ice on a table

3. Thus, a body naturally tends to continue in whatever state of motion or rest
it is at any instant and tends to resist any changes. The extent to which &

a body resists changes in its state of rest or motion is
characteristic of the body and is called its inertia: the literal
meaning of the word inertia is “laziness.”

d) Curling

DFEY . WKITEOEEIRES DV ITFIDIREEE T A E D, Fo XD
RIS IR 2 M E RO OB BRO L2072, MRS EHCF ILRED
AL 2 R T2 OMERDOBEAE OMHEE Th->T MEH) LIESLDOT
Ho, BELT TRME MEE TR LFRETH D,

[Q4] Explain the figures using the Galileo’s law of inertia DX % H U LA L B

TEMEOTERI TR &,
e) Shakes the wet body
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C. Newton’s First Law of Motion (The Law of Inertia) == — > OEENE 1 0] (EMEO A
[Q5] Newton’s first law of motion, first enunciated by Galileo,
summarizes the above observations in the following statements:

An object at rest remains at rest as long as no net force acts on it.

An object moving with constant velocity continues to move with the same
speed and the same direction as long as no net force acts on it.

e Isaac Newton (1642-1727)

[Q6] In the statements, a phrase, “no net force” is recurred. It is
important to realize that this can mean one of two things. What ate the
two things?

LEOXEICE TEANR0] LW BEPBYIEISNTND, TOFEITT2
FEFADBEIRD & D B AUTIRITD,

[Q7] Newton’s first law is also known as the law of inertia. Explain
the word, “inertia.”

=a— b O VIEANT MEEOER) L bEbns, HMEM) 2B X,

[Q8] According to Newton’s first law, being at rest
and moving with constant velocity are actually
equivalent. Explain this using the figure at the
right, where a person in the train moving with
constant velocity places an ice cube on a dinner
table.

Za— b VEAIND, #IELTVD 2 & L EE
HEIHHLTWD ZEEFEENICFAILEE VWA D, 202
EELAORTHAR L, Bk, HFHETHNTWAHFEH
DOHDONBT =TV EIOKONT B EE WL ZAT
HD,

B

[Q9] Explain the above question using the words, “frame of reference” and “inertial frame.”

oMLY THERAEEER] & MEMEER] &> TR L.
[Q10] Explain about “Galilean relativity.” 4V LA OMxlGw] ZitAE L,

[Q11] Newton’s first law of motion can be restated in a more compact statement as follows:
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| —

[Q12] As an example of a frame that is not inertial, consider the p—
train that suddenly comes to a halt in the figure. Explain.  -—
TEMEEER R TRWVERROFIL LT, RO LS ICa7 v—F&nfcE —

HEeBx, gL,

[Q13] A 10 kg box is lifted vertically from rest. Find the magnitude of the

minimum force, F, required to lift the box. Explain.

HE10kg OFZMEICFD LT D, MEFb L 2ICB B2/ RO, Fidn< ®
B, BR AR L

[Q14] In the figure, Newton is watching an apple falling and wondering why it
falls. How do you think he reached such a question, the idea nobody took into
one’s mind? XX, ==2— >NV U ITOELDLIDOERT, REBELLDIEAH Nk
BoTng, #id, EH5LTEOX 2, #ELBERRVE I REMICZEVFENTZO
7259,

[Q15] The following figures can also be explained using the concept of inertia. Discuss.

WG MEM) OBISTHIATE 2 , MWmt X,

=
l

r ®
3

v

=

. d

TS R |
L Dynam{( Cart Desk ] %@ﬁ;%’

f) Daruma g) Coin on a cardboard h) Hanging iron i) Rug beating j) Cart pulling k) Jump start

Thread x1 Thread xn

il

L A o
= T B "
1) Fixing a loose head m) Head-on collision o) Satellite p) Sharp curve @) Roller coaster
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D. Motion in an inertial frame TEMEPERR R 0D
L)

[Q21] When you skate with a constant velocity, 5.0 m/s,
you release a ball softly. Where does the ball drop? (A)
Behind you. (B) Just under your hand. E

ENAr— N TOEETEHNTND & EITR— N ZFHICHE
Lz, R=/M3EZic%& b 50, (A) Botkli. B) EOF
DET,

[Q22] Scientists criticized Galileo against his
helicocentrism. Some critics said that if the earth was
moving a ball should not fall dawn vertically but show
some deflection, as shown in the figure-a. Galileo offered

a counterargument with a figure like Fig. b. Explain.

Y VA OMBEFIIR AR I S, HOBEHER, TH
LRHBZEN TV LR BERITE - T I L TICT R D -
BT (@ )k Fote, H Y VAR 5O S almmt
b koM ER L, ST L ,j__—““ﬂ

Fig. b

[Q23] Inside a Shinkansen train moving at a constant

speed of 300 km/hr or 83.3 m/s, a boy jumps and a girl

drops a ball.

What happens? H#fEOH TR T Y7 LY D Z %
—NER—VEEET, E5RDELI D @% "

[Q24] The figures below show demonstrations in class. Explain. X/ Physics Room TOERTH 5, AT L,

@ -

r RTJRT YT u¥
4

Fig. d
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2. The Law of Action and Reaction (Newton’s Third Law of Motion)
TERARERDOER (=a— b OEHHE =1EH])

[Q41] Newton’s third law of motion: “Nature never produces just one force at a time; forces always come
in pairs simultaneously. In addition, the forces in a pair, which always act on different objects, are
equal in magnitude and opposite in direction.”

Translate the above law into Japanese. _FMERZ H AFEIZEIER® X,

[Q42] Draw force vectors in the following figures and explain about the relations of action and reaction.

TOMOPIZ, HERTT brvaiiE . AERREROBRZHHAE &,

Ceiling

(/S

C

=3

a) Pushing a wall b) Kokeshi on a desk ¢) Suspended from a ceiling

d) Sumo e) A falling apple f) Moving car g) Flying airplane

° %‘? . S

h) The Sun and the earth i) Strong and weak magnets j) Proton and electron

k) A lady on a scale D) Pushing a sofa m) A swimming ring
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[Q43] In the following two figures, draw force vectors.

TOROFIZ, DT MraeFEE AL,

O C

O C

(a) Two forces in equilibrium (b) Two forces in the relation of action-reaction

DNEHSTND DD YERAEROBMRICH 5 DD T

[Q44] A nail on wood board is pulled with a nail puller. Draw force vectors in the following figures and explain about the
relations of action and reaction.

RO EEFTRE THRW TV D, ROPIZ DR M EHEER - RAEM 3 X,

Nail Puller \

N

[Q45] Three identical springs are used in the following three ways. Which spring shows the largest elongation and which
shows smallest?

BEDFE CHEEDIEREHEHA L TRO 3@ Y OEF THWZ, EDIXRREROMOT, EOFRBRE/NOHBOERTH 2
1175)

Fig. 38-b Fig. 38-c

8 111712016 By Tohei Moritani
Keio ﬂcac{emy of New York



11tk Physics 3 The Laws of Motion 2017-18

[Q46] Two blocks, A and B, whose mass is ma=0.50 kg and mp=0.60 kg, are connected
by a light string and a light spring having a spring constant k = 70 N/m. The string
passes over a light and frictionless pulley, and then the mass B is placed on a board, as
shown in the figure. (1) Find the tensional force pulling the mass A. (2) Find the
elongation of the spring. (3) Find the normal force exerted by the board on the mass
B.

B ma=0.50 kg DYk A & B 7 mp=0.60 kg DK B & & 8%k & IEREE 70 N/m
DBNIRZELE > TORE, RO ONIREIZ\EWNVEREZEL T, MO L5 ITWiK B 2K
Fic#ibsE s, (D) %A ZELS TN B0y,

@) FROHTIENL B,

(3) B3R B3 2 BEH I OKE ST < B Ay,

mg

9 111712016 By Tohei Moritani
Keio ﬂcal[emy of New York



11tk Physics 3 The Laws of Motion 2017-18

3. The Law of Motion EE) D ER \
Newton’s Second Law —=a— hrDOF 2 L0

The Equation of Motion E&)J 2z N R
XF = ma

»
If an object of mass m is acted on by a net force F), it will experience an acceleration d thatis equal

to the net force divided by the mass. Because the net force is a vector, the acceleration is also a vector.
In fact, the direction of an object’s acceleration is the same as the direction of the net force acting on it.

[Q31] An 8.0 kg material on a frictionless surface is exerted by a force of 24 N. kg _;4 "
What is the magnitude of acceleration rate?
728 BN BICE W B R 8.0 kg DMIIRN 24N DRE SO h&E%ITT=,
ZOLETELDMEEDORE STV BA

[Q32] A force of 24 N is acted on a 0.80 kg dynamic cart on a frictionless level ,
surface, where a weight is placed on the cart. If an acceleration of 12.0 m/s* is ? 1ﬂn>/s
produced, what is the mass of the weight? 728 b 772 /K 128 5'E & 0.80 kg 0.80kg San

DEHELEICBLY Z2FE, 4N DORE IO HEKETMATZS, BHEITMATZ
HOEEIZ 120m/s> DMMEE CEHEH L, AHICETEZBL D OEEITWL
YRR

[Q33] Forces are continuously acted on a 6.0 kg body on a frictionless surface, as
shown. Find the direction and magnitude of acceleration rate.

72 BN EICEWZEE 6.0 kg OMIRIZIKD X 5 72 J1 &N ZHE T 1=, 25N 54N
MIRICAECDIMEEDORE S L& ERD K,

[Q34] According to the law of action-reaction, the force a sumo wrestler
exerts on a kid is just the same in magnitude as the force the kid exerts on
the sumo wrestler. Why does the sumo wrestler win?

YERRAER OERNC XA, MR 22 M5 & Y 2 /5
INIRESIHFEL, FEERD BAEIZHEODIT R,
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[Q35] The metal head of hammer is loose. To tighten it, you drop the
hammer down on to a table. Which way in the figure is more effective or do
you get the same result either way?

SREDOHP DL 2o TeDTREITZEEZHIO LITEELTEZ S ELTND,
MD2oOHEDEL LN L VRN, HDLINIELL LR U,

4. Weight HE (P163)

)=

EEOABOER m 25 mg THLHIEHEZHAE L,

[Q36] Explain why a person of mass m has a weight equal to mg.
-

[Q37] (a) The fire alarm goes off, and 97 kg fierfighter slides down a pole
with a constant acceleration of a = 4.2/s2. What is the upward force exerted "P-r
by the pole on the firefighter? &£}
(b) What is the firefighter’s acceleration if the force exerted on him by the

pole is 650 N?

(2) FEH~AADIEY | 97 kg DWH LR =1L % 15o T a=4.2/s2 DEHNHE T S
WYL D, R—UBEB LTk L EmEI2iE2 6 < Jign 6o, HO
(b) AR— LAk L B & i2idiz 5 < /2% 650 N RGBS £ oo finsdi e 1%
W< B, (P164)
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5. Motion of an Object under Forces in Equilibrium

T >0 HoTWD L X DOWIRDER)

Forces in Equilibrium Y H W\ D 3 & s fE

sF=0>d=0 @)
[Q16] A 2.5 kg dynamic cart is moving on a frictionless horizontal surface at a
constant velocity of 1.0 m/s.
(a) Draw all the forces acting on this cart. 1.0m/s
(b) Show the equation of motion in terms of vector components. 2.5kg —>
(¢) Find the acceleration rates, velocities and displacements of the cart
in terms vector components as functions of time.

T2 B AR 2.5 kg DB HN 1.0 m/s OEHE TENNTW D,

(a) BHEICITZSL ANETATRHIT,

b) FEEHRRZ N7 MV D EIRYE,

(c) BEOMBEE, WEER L OEMOBRIE{ORE 7 MRS 2L ick
b X,

6. Free Falling Motion  H H % FiE#H)

[Q18] Newton is watching an apple of a mass  falling.

(a) Draw all the forces acting on the apple.

(b) Show the equation of motion in terms of vector components.

(¢) Find the acceleration rates, velocities and displacements of the apple
in terms vector components as functions of time.

Za— RV ITOELLIOERTND,

(@ VU F b HET T,

(b) EEFRERNE T MRS Z IR,

(© Uy ITOMME, WER L OEMORFHMZEORE X7 MUy Z &I
Kb &,

12
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7. Projectile Motion — Zero Launch Angle H¥iEE-1 KERH

Projectile Motion Jg#iE®)  (KEES)

Uy = Vpy, X = Ugyt (5)

vy, = gt, y= ;gt* 6) y O FEMNE

[Q21] A bullet is fired horizontally from a height of 4 [m] at a speed of wo [m/s].

(a) Draw all the forces acting on the bullet. goog
(b) Show the equation of motion in terms of vector components. 0000
(¢) Find the acceleration rates, velocities and displacements of the bullet in 0000
terms vector components as functions of time. 0ooo0
(d) How far does it travel before it hit the ground assuming 4 =33.8 m and vy = 400 m/s 0000
(4.00 x 10% m/s). H HE H
ﬂﬁib[m]@r%éi))%\ 3$%7k¥ﬁﬁ&i¥ﬂﬁf§ Vo [IIl/S] Tﬂ‘t}ﬂj LTCO DDDD
(@) BT & T THIT, mEm
(b) EEFRERNE T MRS Z IR, Fig.21

(c) PO, EER L OEMNORFZELOXE Y LAY Z LTk X,
(d) A=33.8mand vo=400m/s (4.00x 10> m/s)& LT, /NERASHUIEIIZ Y725 £ TODK
ERREE A SR D &

13 111712016 By Tohei Moritani
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8. Projectile Motion — General Launch Angle ¥ &E®)-2 £ 5 &5

Projectile Motion /#7iE®)  (RIFHEEGH)
Uy = Vg, X = Vot (5)

vy, = Voy — gt, Yy = vyt — %gt2 (6) yi#ho L RIE

[Q23] A golfer tees off on level ground, giving the ball an initial speed of vo [m/s] and an
initial direction of 0 [° ]above the horizontal.
(a) Draw all the forces acting on the ball. T BN
(b) Show the equation of motion in terms of vector components. / N
(¢) Find the acceleration rates, velocities and displacements of the ball in
terms vector components as functions of time.
(d) How far does it travel before it hit the ground assuming v = 52.7 m/s and 6 =42.5.
INT =N, EHRa—ATT 4 —Ya v b o7, WD v [m/s] THE
WAFEIZHRL 07 1TH D,
(@) BTIETZ B < & T TS,
(b) FEH) A E T MVES D LR,
(o) BRONEEE, HEF JOEMORFMZ(ORE R VRS Z &Ik X,
(d) vo=527m/sand §=42.5 & LT, R—/LORERHEZ KD L,

[Q24] When a dynamic cart is moving on level ground at a constant speed, a

ball is thrown up from the cart. What motion do you observe about the ball? e

KA D ECHEA RS EREMED S LT\ 5 & %, Al E Tl Bk AT
HHETEERIZIED X 5 REE AT 50, = ; La:a;jnstantspeed

14 111712016 By Tohei Moritani
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9. Forces in Two Dimensions 2WITD S

[Q25] Two astronauts are using jet packs to push 940 kg satellite toward
the space shuttle, as shown in Fig. a. Astronaut A pushes with a force of
magnitude 26 N and astronaut B pushes with a force of magnitude 41 N.
Fig. a 13, Z“AOFHERAT LN a7 v b~ h %5 T 940 kg OF %2 A
N=2Av ¥ FADOHIILTND L ZATHD, FHMITLAIZ26N DT
TH L., FHMRTE BIX 41 N 0 H T4,

[Q25-1] Draw a “free-body diagram” in Fig. b using a point mass and
arrows representing forces acting on it.

Fig. bz, BRELZTNICEFTOL NERTRIT (Z)V—RT A XA T 7
Ll BT,

[Q25-2] Choose a convenient coordinate system and then apply Newton’s
second law to each coordinate direction, and then find the direction and
magnitude of the acceleration generated on the point mass.

A O RVEERZERD, TNENOEIERIZONT=a— b D5 2 158
FEAL, TREHOTERICAE LD MEEOR & L K& X 2R X,

[Q25-3] Find the direction and magnitude of the acceleration using
another method, from the net force.

BEL LT, B bIMEEDOmE L RE S 2RO X,

[Q27] During home from school one day, you spot a ball rolling out into
the street as shown in the figure. You brake for 1.20 s, slowing your 950
kg car from 16.0 m/s to 9.50 m/s. (a) What was the average force exerted
on your car during braking? (b) How far did you travel while braking?
ERENOHBHETRERTOHLAOZ L, KO LI ITR—ABEBEOTIC
N ADDE RS2, BIx7 L —F 281 T 950 kg ® HEHH % 9.50 m/s
B¢ 16.0 m/s 75 9.50 m/s F THE L7z, (@) 7L —F ZHT T2 RICHE
WIS WEEHO FNn 52y, )7 L—F 2 TV 2 MICEATRR
BTN < B,

15
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10. Static Friction  #pI1EE#E

Static friction Fr IR EEE T 0< f £ F
Maximum Limit of Static Friction i K& IEEE#E T Fo = uN )
Friction Angle, 6, A u = tan, ®
[Q31] In Fig. 31, an object is pulled by the spring scale at a force of f
but does not move. Explain why. L  — =

BT, BT D AT HIIC DTl T B BT, el T

TR E DI L

[Q32] It takes a force of 35 N to start a 5.0 kg wooden block. Find
the coefficient of static friction.

HE5.0kg DAROYKZGINTEIEHTLEDNN BN TH-oT,
B L ERER A A SR oD I

[Q33] An object of a mass 1.0 kgis placed on a flat and level desk.
What is the minimum horizontal force to move the object assuming
the coefficient of static friction between the desk and the object is 0.5.
AKIE72HLO BB 1.0 kg OMIRBENTH D, KFEFHBNT 1 EINZ T
WiREET L EIC, BERDOEMEITNL B, HLE RO Hr kB
BRI A 0.50 L3 2,

16 111712016
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[Q34] An object of a mass m is placed on a flat board. The board is
tilted upward. For small angles of tilt the object stays put, but
when the tilt angle exceeds 0 o, the object begins to slides. Find
the coefficient of static friction between the board and the object.
BHEOH 55RO L8 m OMERENTH D, WEKFEND
T TS &, AEIoDE ETRY LT, K& WIRDHIEEEER
BouzRd X,

(1201)

[Q34-1] A 97 kg sprinter wishes to accelerate from rest to a speed
of 13 m/s in a distance of 22 m. What coefficient of static friction
is required between the sprinter’s shoes and the track?

[Q34-2] A 48 kg crate is placed on an inclined ramp. When the
angle the ramp makes with the horizontal is increased to 26° , the
crate begins to slide downward. (a) What is the coefficient of
static friction between the crate and the ramp? (b) At what angle
does the crate begin to slide if its mass is doubled?

17
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11. Kinetic Friction B)jEEE

Force of Kinetic Friction ®)EE# F'= u'N )
[Q35] Table 35 indicates typical coefficients of static and kinetic Table 35 Typical Coefficients of Friction
friction. In our lives, when is it desirable to reduce friction and Materials Static  Kinetic
when do we want as much friction as possible? u u’
Rk, FFILEBEERE, DIEEREOHIZ TR L TWD, A BOAETETIE  Rubber  Concrete(dry) 1-4 0.80
BEZEO LWL DH Y, EBAEZEZHO LV L H L8, £ Steel Steel 0.74 0.57
NENE I NS & &ED Glass Glass 0.94 0.40
(I202) (W149) Wood Leather 0.50 0.40
-~ Copper  Steel 0.53 0.36
- " 2 Rubber  Concrete(wet) 0.30 0.25
Steel Ice 0.10 0.06
Waxed  Snow 0.10 0.05
ski
Teflon Teflon 0.04 0.04
Synovial joint in humans 0.01 0.003
[Q36] A car drives with its tires rolling freely. Is the friction A@
between the tires and the road kinetic or static? .
HENEIIZ A Y2 ABICE L TED, 21 Y LERORMOEEITEILE
B BNEEER I,

[Q37] When you push a 1.80 kg book resting on a tabletop, it takes
2.25 N to start the book sliding. Once it is sliding, however, it takes
only 1.50 N to keep the book moving with constant speed. What are
the coefficient of static and kinetic friction between the book and the
tabletop?

MO EICEWTHS 1.80kg DAREH LI X T /103225 N DL X
WY T 0 M L7 RITEOREERTEDT T 150N L b,
AL LD O 1 BEER AL & BIEERE A R K

18 111712016 By Tohei Moritani
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[Q38] A baseball player slides into third base with an initial speed of m@%

4.0 m/s. If the coefficient of kinetic friction between the player and the ~ coeer
ground is 0.46, how far does the player slide before coming rest?

[Q39] Someone at the other end of the table asks you to pass the salt.

Feeling quite dashing, you slide the 50.0-g salt shaker in their direction,

giving it an initial speed of 1.15 m/s.

(a) If the shaker comes to rest with constant acceleration in 0.840 m,
what is the coefficient of kinetic friction between the shaker and N
the table? R

(b) (b) How much time is required for the shaker to come to rest if you S
slide it with an initial speed of 1.32 m/s?

BEOMI I BEER L TR LWEHEENZRIZ, HERRANTWD &

Bo720T 50.0-g DO EYLIRE 1.156 m/s TTXHH7,

(2 b UMDY, —EDOHHE T 0.840 m DFiRfZ + <o T LE L7 HE)EE
BRIV 5,

(b) FHEN 1.32 m/s ThLHE. ILE D ETICTRLBMITNL B,
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12. Advanced Problems using the Equation of Motion E& FERXZFENZ 23

* Sea lion problems 7 3 7 fifj&

[Q40] A trained sea lion slides from rest with constant acceleration down a

3.0-m-long ramp into a pool of water. The ramp is inclined at an angle of
23° above the horizontal and the coefficient of kinetic friction between the

sea lion and the ramp is 0.26.

a) Draw a free-body diagram.

b) Find the acceleration rate of the sea lion.

¢) How long does it take for the sea lion to make a splash in the pool?
d) Find the velocity of the sea lion when it reaches the water.

SN T N, FIRENDS 3.0m OEESDIBY B2 —EDMEE T —
LNETHVED 5, B BITAKEICKLT23 OAET, TVHEBVEDD

W OB BRI 0.26 TH D,

a) ZV—RT 4 XZAT T T LEHT,

b) T HOIEEZRD X,

¢ T YUHPKEIIET D ETORRITNL B,

D TUAPKEICELLEZOEI TN 50, (W151)

*[Q41] When an object is place on a inclined surface at an angle of 0, it

slides down from rest at a constant acceleration rate @. Assume that the

coefficient of kinetic friction between the object and the inclined surfaceis u’

and the gravitational acceleration rate is g.

a) Draw a free-body diagram.

b) Find the acceleration rate a.

¢) Find the time the object slides in the distance L.

d) Find the velocity @ when the object slides in a distance L.

e
A2
Qo <

X0
@e®
P‘(‘

Mok oz, AFmEEA 0 2234 iRz iEncEBn-e 25, —ED

NEFE TR R &SRB 72, Fii & Wik & O OBERIEEZ 1,

JIMEEZ g & T 5,

a) TV—ART 4 FAT T LET,

b) JEEE a &Rk X,

o M EE L2309 500 £ &R X,

d R ka2 L ZFT_0E0i-s oS v 2k X, (1205)
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* Elevator problems — Apparent Weight =L _X—4% —[iJH — F T OKE

[Q42] Find the magnitude of the tensional force of the string in the figure in the following
conditions:

a) At rest.

b) Moving downward at a constant speed of 1.5 m/s.

¢) Moving upward at a constant acceleration rate of 1.2 m/s2.

d) Moving downward at a constant acceleration rate of 1.2 m/s2.
BT, ROKMCBIT DO bDRNDORE S &R X,

a) FIELTW3,

b) 1.5m/s DEHETFELTND,

¢ LMEx 12m/sOIEETERLTWS,

d) Tl 1.2 m/s? OIEETFEL TV,

[Q43] A 71-kg woman is standing on a scale in an elevator. What is the apparent weight by kg as
indicated by the scale in the following conditions?

e) The elevator is at rest.

f) Moving downward at a constant speed of 1.5 m/s.

g) Moving upward at a constant acceleration rate of 3.0 m/s>.

h) Moving downward at a constant acceleration rate of 3.0 m/s2.

IKEE 71 kg DR, T _X—F —DOHIZEWKEHO EICES>TN D,
T L _R—F—PNROREED & & (KEFHIIT kg 233 H.

a) FIELTW3,

b) 1.5m/s DHEHETFELTND,

¢c) LmE 3.0m/s2ONEETERLTWS,

d)  FhX 3.0 m/s2ONERETFREL TV,

* Contact forces LAV

[Q44] A box of mass 2.30 kg rest on a smooth, horizontal floor next to a box of mass 4.20
kg. You push on the 2.30 kg box with a horizontal force of magnitude 8.50 N.

a) What is the acceleration of the boxes?

b) What is the force of contact between the boxes?

Kok o, 2OBN D ENRKFEORIZSH S, 2.830kg DFEIZ 850N D&M T,
a) FITAELDIHEITN S B,

b)  2EOKOMIZITTZ B < IFEN L B, (1206)(W124)

[Q45] In the above, you push on the 4.20 kg box with a horizontal force of magnitude
8.50 N.
a) What is the acceleration of the boxes?
b) What is the force of contact between the boxes?
LORMET, 4.20 kg DFEIZ 850 N D15 M Z 7=,
a) FHICAE U DIEE TN B,

b) 2MHOFKORNCITZ 5L HiTnL 52y, (1206)(W124)
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*[Q46] A force of magnitude 8.50 N pushes three boxes with masses m, = 2.30 kg, m, = 4.20 kg
and m; = 5.90 kg as shown.
a) Find the magnitude of the contact force between boxes 1 and 2.
b) Find the magnitude of the contact force between boxes 2 and 3.
Mizdh b L5 7 3EDOFHEIZ 850N DN &M 7=, FHOEHIL, m, =230 kg, m,=420kg,
m,=590kg T 5, I )

8.50N
a) F1EFH2OMITIEEBL N (ar 22 b7 4—2R) ZRD K, . =l
b) H2EFI3IDOMITIEELL S (av ¥ b7 x—R) RO L, (WI4])

Fig. 46

[Q47] A tugboat is pulling three cargoes of the same mass connected with rope and moving at
constant acceleration. The tensional force of the first rope is 1.0x10° N. Find the tensional
forces of the other ropes assuming the resistances acting on the three cargoes are the same.

RO XSS, v—=7Zo7 T 3 SOR UEBEOMWE ¥ 7R — b5l -1X 0 . 2R
FIEEEE A LW D, HIHon—7ER— FR5I< AR 10x10°N D& & ZOfo
=7 D5 < HOKRE ST Bh WIIZ s EHUTTXTRC LD ET 5, (1207) J[!:!]t:l]k%ﬁék

Fig. 47

* Atwood machine 7 F ¥ v ROZRHK

[Q48] Atwood’s machine consists of two masses connected by a string that passes over a pulley, as

shown by the figure.

a) Find the acceleration of the masses for general 72, and m2,, and the tensional force of the
string.

b) Evaluate for the specific case 7, = 3.1 kg, m, = 4.4 kg.

T hU Y RO E T BIIR Lz & 9 IZ b RBW IR EITE < TR W & 2T,

ZOWEERE m, & m, OWEE L D OTFTZbDTH D,

a) NMEEORE S LARDENZRD L,

b) m,=31kg,m,=44kg. DL EDOMEEDOKEZ X LXDIENZRD L, 1207) (W168)

[Q49] A block of mass M is on a tabletop. It is connected to a string that passes over a

pulley and suspends a mass m. The coefficient of kinetic friction between the desk —a

and the block is 1. c
a) Find the acceleration of the blocks.

b) Find the tension in the string.

WL BEIZEE M OMERSH Y, ZhEBEm OMEREERVRTORE, BOmOEE ﬂ
B B, HLEHLO EOPKORI OBEEREKIL 1 Th 5, “
a) MR E & R X,

b) KDESERD X, (1208) (W167)

Fig. 49
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[Q50] Two blocks, stacked one on top of the other, can move without
friction on the horizontal surface shown in the figure. The surface
between the two blocks is rough, however, with a coefficient of static
friction equal to 0.47. If a horizontal force F'is applied to the 7.0 kg
bottom block, what is the maximum value F can have before the 3.0
kg top block begins to slip?

KMok, 7T.0kgd7 oy 7D EIZ30kgD Ty 703 F-TWND,
T0kg D7 1y 7 LIROMITIFEEN RV, —F. 207 oy 7 O

WITEBEERH Y . ZOF IEEEREIT 1 =047 THD, TOT.0kg DT

oy I Famzizl, Lo30kgnd 7oy 7 8B HERNED
o FOXMEZERD X, [P1-185]

[Q51] The blocks shown in the figure are at rest. (a) Find the
frictional force exerted on block A given that the mass of block A is
8.82 kg, the mass of block B is 2.33 kg, and tat the coefficient of static
friction between block A and the surface on which it rests is 0.320.
(b) What is the maximum mass block B can have and the system till
be in equilibrium?

23
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13.  Free Falling Motion in Viscous Medium ZEROEHOH 5 & & O HHEK FiEH)

Falling in a Viscous Medium (Resistance in case of a spherical body f = —kv)
LY . . mg
HUE B Terminal Velocity Veerminal = 5)

[Q60] Which falls faster, an elephant or a man if the resistance by air can be

ignored? Fig. 40 is Galileo’s thought experiment. Explain.
EEEPIDBETE DL EREANLELLREDLLONE N, Fig. 40 X4V LA D

BEERRTH D, ST L,

[Q61] Which falls faster, an elephant or a man if the resistance by air cannot be
ignored? What factors affect the result? Draw a graph how the velocity changes
with time.

ZERBPPER CTERVWE ERLANEEELREDLLOREND, LD X9 REFR
RIS BT 20, BHEORHMERED X 2R T T 7 % 4T,

[Q42] Terminal Velocity i i

Falling Object Mass Area Terminal Velocity
(radius) kg m?2 m/s km/h
75 0.7 60 214
EEE ENNGIGIRSOM 145 X103 42 x 104 33 118
Golf ball (2.1 cm) 46 x103 14 x 104 32 115 5
Hail stone (0.5 cm) EPEPSUEIRNEESUE: 14 50 f=tv

Raindrop (0.2 cm) 34x106 0.13x 104 9 32

m
k7
[Q63] B 4.5x 108 kg OFilEAS, 0.80 m/s D—EDHETHE T LTW5, WNEIZIE
O BROBPIIORE EPEZ 0 ITHBIL, kv RIFHFAEF) TERENDI LD L
LT, ~EDOHETHET L TWDHROELKO|LIORE S 2RO L, o, ZDZ mg
Enb. ROEERD L, (% 21)
11/712016 By Tohei Moritani
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